S
ome manifestations of human papillomavirus (HPV) infections have been undoubtedly known since old times. The viral etiology of warts was revealed more than a century ago, when it was first demonstrated that canine warts could be transmitted to healthy animals by using ultra-filtered extracts from warts. Ten years later, human warts were proven to be transmitted in a similar way. Although the infectious nature of cervical cancer was also suspected more than a century ago, several decades had to elapse before scientists linked this tumors with HPV infections and then were able to identify and define the specific viral types associated with the malignant proliferation of genital epithelia. In the early 80s were identified HPV types 16 and 18, which are specifically associated with a majority of genital tumors. 1 Today, we know the existence of approximately 200 different types of HPV, all of which are specifically associated with the development of benign and in some cases malignant lesions of epithelial cells from the skin, the anal, oral and genital mucosas in humans. The role that "persistent" infections caused by some types of these viruses play in the development of tumors from the uterine cervix has been firmly established and indeed, infections by some HPV types are now considered as necessary for the development of this type of cancer. 2 Various strategies have been designed to develop vaccines against these viruses that could eventually lead to prevent viral infections and thus, cervical cancer development.
In general, vaccines developed up to date against different viruses are basically of two types: i) traditional vaccines, also called prophylactic, which prevent infections by neutralizing viral particles and that generally use attenuated or dead viruses, and ii) therapeutic vaccines, aimed at eliminating existing infections. In general, effective prophylactic vaccines induce the production of important levels of neutralizing antibodies and thus protect against infections. An efficient vaccine against genital HPV should be able to prevent infections and re-infections, by generating an adequate immune response on the site and at the time of infection(s). 3 In the case of HPV, it is not possible to prepare traditional vaccines in a conventional way, since there are still no efficient means to quantitatively produce viral particles. The specific tropism of HPV for human epithelial cells of the skin and mucosas, constitutes a first limitation in the development of systems that could enable the study of virus-host relationships under natural conditions and consequently, could lead to the development of efficient systems for producing viral particles in large quantities. The favorable field for the production of such particles is the differentiating epithelia and even there, natural infections are not very productive (usually low number of viral particles are produced). In recent years, important efforts for developing systems that could overcome such limitations have been made. Among them, the most widely used are the "raft" culture of epithelial cells in an air-liquid interface, as well as the transplant of tissues infected with HPV to immunodeficient mice. These systems, however, are not adequate for the production of viral particles in large quantities for vaccination programs.
Virus-like particles (VLPs) and prophylactic vaccines
A very efficient alternative has been found to face the problem of the low production of HPV virions in conventional systems. It is based on the observation originally carried out by Jang Zhou and colleagues more than a decade ago, who realized that the expression of the late L1 protein in combination with L2, led to the generation of structures similar to those found in virions. 4 These empty virus-like structures have been called virus-like particles, or VLPs, and constitute excellent candidates for vaccines, as they have been shown to be very immunogenic and innocuous, since they do not carry any viral genetic material. Today, the majority of prophylactic vaccines so far designed for HPV involve the use of VLPs. They are generally composed of one or two of the structural late viral proteins and based on the already mentioned fact that L1 alone, or in combination with L2, is selfassembled and forms empty capsids, that may be efficiently used to induce neutralizing antibodies that have been shown to prevent infections by several specific viral types. 5 Antigenic properties of VLPs make them very attractive candidates for their use as prophylactic vaccines in massive programs. The protective efficiency of VLPs preparations has been tested in several animal models by different groups. Natural infections produced by different types of animal papillomaviruses, such as the cottontail rabbit papillomavirus (CRPV), the canine oral papillomavirus (COPV), and the bovine papillomavirus type 4 (BPV-4), have been efficiently prevented by using vaccination schemes with the corresponding VLPs of each virus. [6] [7] [8] In the case of vaccines against different HPV, studies with types 6, 11, and mainly 16, had confirmed previously established concepts and validated results obtained with neutralization assays. 9 Studies have also shown that different HPV types represent unique viral serotypes and that a succesfull vaccine would require inclusion of VLPs of each type for which protection is expected. 10 In a phase 1 trial where the safety and immunogenicity of an HPV-11 VLP vaccine was validated, it was found that the candidate vaccine was well tolerated and induced high levels of both binding and neutralizing antibodies. Significant increases in HPV-specific INF-gamma and IL-5 production was observed from peripheral blood mononuclear cells culture supernatants.
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Studies with HPV16 VLPs have gone through different animal models and clinical trials until showing recently a complete protection against persistent HPV16 infection and related cervical dysplasia after vaccinating women with the corresponding VLP preparation. More than two thousand women received three 40µg doses of HPV16 VLP at 0, 2 and 6 months. These woman underwent periodical examination to evaluate any adverse reaction, and to determine the presence of HPV16 DNA and neutralizing antibodies, together with women from a similar group who received placebo. Results are very encouraging since all woman in the vaccinated group were protected against persistent HPV16 infection and associated cytological abnormalities. 12 This prophylactic vaccine against HPV type 16 should represent in the near future a useful alternative for young women starting their active sexual life, since they constitute the population that could most benefit from it. In this sense, it will be necessary to consider also vaccination of young males in order to achieve a higher efficiency, by reducing the total number of individuals that actually may propagate viral infection. Current expectations are excellent to implement in the years to come, massive programs using prophylactic vaccines against a variable combination of main HPV types involved in the development of cervical cancer. In Latin America, these combination of VLPs may include types 18, 31, 33, 45, and 58. Estimates indicate, however, that it will take time before these vaccines may have a considerable impact on invasive cancer rates, particularly in underdeveloped countries. That is why nowadays, timely detection of early lesions, together with education of the populations will undoubtedly constitute the basic means to efficiently prevent this illness.
Therapeutic vaccines
Several therapeutic vaccines have been developed, mainly against HPV type 16, and some of them have been already tested in clinical trials. These vaccines are designed to eliminate the residual illness, after the treatment of high grade intra-epithelial lesions or invasive cancer. A relevant aspects of cervical cancer is the fact that in the vast majority of the tumors, viral E6 and E7 oncogenes are retained and expressed in a constitutive way. Moreover, continuous expression of E6 and E7 seems necessary to prevent HPVtransformed cells from entering apoptosis and/or senescence. 13 The situation is very attractive to stimulate a response against this very specific tumor antigens. That is why in this case, the majority of therapeutic vaccines already developed are intended to stimulate the immune system against E6 and/or E7 early viral proteins. This is expected to produce an immune response that could eventually eliminate infected cells and even destroy tumor cells that constitutively express these two non-structural early viral antigens. One of the major limitations of this approach is the fact that the existing alterations in most tumors will possibly prevent the efficient use of these vaccines. In addition, the continuous presence of E6 and E7 proteins in infected and transformed cells, possibly during decades, could create an unfavorable environment to stimulate a response against them that could eventually destroy HPV-containing cells.
Therapeutic vaccines for HPV have been based on peptides, proteins, chimeric proteins (containing fragments of two or more proteins), DNA, viral vectors, bacterial vectors, dendritic cells, and modified tumor cells. As mentioned, several prophylactic vaccines against HPV have been developed and tested in phase I and II clinical trials. These studies include vaccines based on recombinant vaccinia virus expressing E6 and E7 from both HPV types 16 and 18, 14 peptides, or a lipidated peptide from E7, 15, 16 fusion proteins with HPV 16 E6 and E7, 17, 18 and dendritic cells. 19 Chimeric VLPs (cVLPs) have been constructed by replacing up to 60 carboxy-terminal aminoacids of the HPV16 L1 protein with fragments of the HPV16 E7 protein. 20 Immunization with cVLPs containing a tumorspecific antigen induced a protective response, indicating that cVLPs could be used in clinical trials for therapeutic purposes. 21 Recently, it was shown that the use of cVLPs from different HPV types in prime/boost regimens should increase the efficacy and usefulness of cVLP vaccines for treating cervical neoplasia. 22 The enormous problem posed by cervical cancer has led several groups to develop alternative strategies aimed at reducing tumors' growth. One of such alternatives is based on the fact that tumor growth may be controlled by reducing the expression of E6 and E7 oncogenes, that are finally responsible for the abnormal growth of tumor cells. In addition to the fact that E6 and E7 are retained in the majority of the tumors, in most cases, the E2 gene is usually lost or not expressed. 23 The product of the E2 gene is a regulator of viral early transcription and replication, and in the case of genital HPV, suppresses transcription of E6 and E7 oncogenes. Thus, it has been suggested that the E2 gene may be used to inhibit the expression of viral oncogenes and thus stop tumor growth. It is known that expression of the E2 protein in HeLa cells causes cell-cycle arrest, apoptosis and senescence. 13, 24 Based on this and other observations, we believe that it would be useful to assess the effect of the E2 gene on the growth of tumors from the uterine cervix since preclinical trials have shown a significant inhibition of tumor growth of HPV-containing cells, by E2. Recently, recombinant adenoviruses expressing E2 have been shown to induce cell cycle arrest and apoptosis in a variety of tumor cells.
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DNA vaccines
Unlike traditional vaccines, or VLPs which are still difficult to produce on a large-scale basis and are thus expensive for developing countries, DNA-based vaccines could represent an alternative for expressing HPV antigens in animal tissues and thus generate a protective immune response. DNA vaccines, referred to by many authors as third-generation vaccines, have already shown their efficiency in several animal trials, where they have been able to induce a protective immune response. 26 The DNA vaccines already tested have included genes that code for antigens from various pathogens or tumors, instead of using the corresponding proteins. Initial observations in this field showed the efficiency of a DNA "vaccine" to protect injected animals against a challenge of influenza virus. The animals were immunized by injecting DNA that encodes for the Nucleoprotein (NP), an internal and well-preserved protein of influenza A virus. Animals developed specific antibodies against NP, as well as a strong CTL response. This fact showed the enormous potential of this technology for inducing a restricted CTL response for class I MHC molecules in a simple way. 26 DNA vaccines are generally made by amplifying the gene of interest in bacterial plasmids, usually containing a strong promoter that induces expression of the relevant gene. These plasmids are generally grown in bacteria, purified by conventional methods, and used to inject them directly. Usually DNA is "taken" by the cells at the site of injection and the protein of interest produced. Although plasmids generally carry a replication origin that is not functional in human cells, there has been some concern regarding the possible consequences of injecting bacterial DNA in humans. 27 Recently, we have assesed in the laboratory the capacity of a plasmid DNA that expreses the L1 gene of HPV type 16, to induce a protective immune response. After injection of "naked" DNA we found the appearance of antibodies that were detectable twelve months after immunization. Specific IgA antibodies were also found in vaginal washes from immunized mice. Both systemic and local antibodies proved effective in surrogate neutralization assays. This results indicate that an L1-based DNA vaccine could be useful for preventing infections by genital HPV.
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Perspectives
Uterine cervix cancer is among those neoplasias that may be cured in the majority of cases if detected in early stages. Likewise, it constitutes a neoplasia that may be prevented if infections by certain types of HPV that colonize genital mucosal could be eliminated. That is one of the reasons why enormous efforts have been undertaken worldwide to develop vaccines against specific HPV types. These are basically of two types, those aimed at preventing viral infections throughout development of neutralizing antibodies (prophylactic vaccines) and those that are intended to control growth of transformed cells and induce the regression of preexisting lesions or even tumors (therapeutic vaccines).
Modern strategies for the development of vaccines against HPV include mainly the use of the so-called VLPs, which in fact are made up by empty capsids, generated by the expression of L1 or L1/L2 genes in various systems. For HPV vaccines to prevent infections in genital tissues, they should be able to generate the production of neutralizing antibodies against capsid proteins, in the surface of the mucosa affected by the virus. Although results in the development of vaccines against HPV are very promising, in the opinion of some experts however, it will still be necessary some 10 -15 years more to have prophylactic vaccines against HPV available worldwide. Vaccines that will confer a high certainty level to anticipate that women immunized will be protected against "high risk" type infections and, thus, they will neither develop pre-malignant lesions nor cervical cancer in adulthood. This means that trials will not be conclusive until they have proven that effectively, immunization of individuals leads to total protection, not only of clinical infections, but also of subclinical infections that in the end could lead, in some cases, to the development of uterine cervix tumors.
In addition, in the case of prophylactic vaccines some estimates have been already made concerning the possible impact of massive immunization programs against HPV. These estimates were done basically in two ways: first, estimating the number of vaccines required to prevent one single case of cervical cancer; and second, estimating the time required for the immunization program to have an impact on the total number of cases in a given population. Such calculations were made both for populations from developing countries and populations from developed countries, using incidence rates adjusted by age. For these calculations, cumulative risk values and vaccine efficiency rates have been used. The efficiency of a vaccine was determined on one hand by the efficiency of the vaccine itself against a given type of HPV and, on the other, by the rate of cancer cases attributed to that specific viral type. For example, if the most common HPV types (16, 18 , 31, and 45) are responsible for approximately 80% of all cancer cases and we assume 90% as an efficiency rate for a combined vaccine against these viral types, then the efficiency of this vaccine to prevent cancer would be 72%. This means that it would be necessary to perform 200 immunizations in a developing country and up to 350 in a developed country, in order to prevent a single case of cancer among them. 29 If we assume that a massive immunization campaign against HPV could start in 2010 and that the vaccine will be applied to all women below 15 years, differences in the total number of cancer cases would not be observed until immunized women enter the high risk cancer age group, i.e., 40-45 years old. These estimates clearly indicate that a massive immunization program against HPV, even if it is very efficient, would take many years before having a real impact in the total number of cancer cases in vaccinated populations. 29 For such reasons, it is clear that massive programs for the timely detection of cervical cancer should be improved in developing countries in order to reduce the incidence of this type of cancer.
